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Question  t  (17  points] 

(a)  Why  the  performance  of  conventional  tubes  is  impaired  at  microwave  frequencies.  State  the 
factors  affecting  such  performance.  Also  analyze  one  of  them. 

(b)  For  a  double  cavity  klystron  (DCK)  amplifier  derive  an  expression  for  the  optimum  distance 
iopt  between  the  bunchcr  and  catcher  at  which  maximum  bunch  is  formed. 

(c)  The  parameters  of  a  two  cavity  klystron  amplifier  are: 

V0  —  1200  V,  Iu  =  28  mA,  f  =  8  GHz,  1=4  cm,  d  —  1  mm,  Rsfl  =  40  K£1 

i)  What  is  the  value  of  the  input  microwave  voltage  Y±  required  to  generate  a  maximum  output 
voltage  V2. 

ii)  What  is  the  voltage  gain  in  dB. 

hi)  What  Is  the  efficiency  of  the  amplifier 

iv)  Compute  the  beam  loading  conductance  and  show  that  it  can  be  neglected  in  the  above 

Q 

calculations.  Hint:  GB  =  -y  [/?;  -  fia  cos {0g  /2)| 

Question  2  (17  points] 

(a)  For  a  reflex  klystron  oscillator  RK,  derive  an  expression  for  the  electronic  admittance  Ye,  Draw 
the  electronic  admittance  and  state  the  necessary  condition  for  RK  oscillations. 

(b)  A  reflex  klystron  has  an  accelerating  voltage  of  1000  V.  and  oscillates  at  frequency  of 
f  =  10  GHz  with  repeller  voltage  of  500  V.  If  the  cavity  es  retuned  to  Si  GHz  what  is  the  new 
value  of  the  repeller  voltage  for  oscillation  in  the  same  mode  to  take  place. 

Question  3  [17  points] 

(a)  Discuss  the  physical  operation  of  the  TW'l’A. 

(b)  Starting  from  the  TWT  characteristic  equation: 

j'VoArVo  =  zVot/o2  -  r2)UPe  -  r)2> 

derive  an  expression  for  the  backward  wave  propagation  constant  within  the  tube. 

(c)  A  travelling  wave  tube  operates  under  the  fo  1 1  o  w  mg  par  am  ete  r  s : 

Beam  voltage  Vu  —  2500  V,  beam  current  In  =  50  mA.  characteristic  impedance  of  the  helix 
Z,}  =  6.75  circuit  length  N  =  50  turns,  and  the  applied  signal  frequency  f  =  8  GHz. 
Determine: 

i)  The  gain  parameter  C. 

ii)  The  output  power  gain  A  . 

1  i  1) The  four  propagation  constants. 


Question  4 


|  J  7  points] 

(a)  In  a  tunnel  diode,  state  the  necessary  conditions  for  tunneling.  Draw  the  I-V  characteristic  curve 

oi  rhe  diode  and  show  tEl«  negative  resistance  region.  Draw  the  circuit  diagram  of  the  tunnel 
diode  amplifier  in  connection  with  circulator. 

(b)  A  tunnel  diode  has  negative  resistance  of  20  0.  is  connected  is  series  with  a  load  Rs .  \f  the 
power  generated  by  the  diode  represents  90%  of  the  output  power,  find  the  value  of  RL . 

5  [1?  points] 

(a)  E'or  a  two  port  microwave  network,  derive  expressions  for  the  input  and  output  reflection 
coefficients  (  \]f>t  roBf). 

(b)  An  RF  amplifier  Iras  the  following  S  parameters; 
sn  =  03z-70° 

s21  =  3.5Z850 
sl2  =  G.2Z-1CP 
s2Z  =  0.4z— 45° 

The  input  terminal  of  the  amplifier  is  connected  to  a  voltage  source  with  Vs  =  5zOn  volts.  and 
source  impedance  Zs  =  40  The  output  is  utilized  to  drive  an  antenna  which  has  an 
impedance  of  ZL  =  73  £1,  Assuming  that  the  S  parameters  of  the  amplifier  are  measured  with 
characteristic  impedance  of  Za  s=  50  fL  Find  the  following  quantities: 

i)  Transducer  power  gain  Gr  and  available  power  gain  Gav. 

ii)  Incident  power  to  the  ampli  fier  PinCf  input  power  Plnt  power  available  from  the  source  Pavs. 


You  may  use  the  following  relations: 


Stability  gain  factor:  k  = 


■,  Delta  factor:  A  =  SnS22  -SnS^ 


i-jrJ2  i  .a  i-|r£|a 

Transducer  power  gain  G7  =  L  1  lo  1 


Available  power  gain,,  Gj  - 
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Attempt  all  questions: 

1-  a-  Write  down  short  notes  about: 

i-  The  main  antenna  parameters.  ii-  Advantages  of  aperture  antennas  over  wire  antennas, 
iii-  Objectives  achieved  by  liie  antenna  arrays. 


elements.  Fora  large  Broadside  array,  derive  the  needed  condition  to  avoid  the  presence  of 
grating  lobes  and  the  limiting  value  of  the  peak -side  lobe  to  main  lobe  ratio  as  N  increases  to 


c-  Design  an  Broadside  array  such  that  no  grating  lobes  exist  in  the  resultant  pattern  and  the 
peak-side  Jobe  to  main  lobe  ratio  is  less  than  -12.4  dP>  with  minimum  number  of  elements  and 
maximum  spacing.  Plot  the  corresponding  array  factor  and  approximately  estimate  the  beam 
width,  If  the  array  is  along  the  X-axis  and  the  elements  are  short  dipoles  oriented  to  /,- 
_ direction.  Plot  the  restnianl  pat  Lem  in  the  X-Y  and  Y-Z  planes.  Estimate  the  directivity  of  the 

2-  n-  Write  down  an  expression  for  the  array  factor  of  the  non-uni  form  linear  array  with 

symmetric  feeding  in  the  case  of  even  number  of  dements, 
b-  For  a  9  elements  Binomial  End  fire  array  consisting  of  short  dipoles  placed  on.  Z-axis  that 
oriented  towards  the  Y-axis  and  separated  by  1/2  spacing: 

i-  Estimate  the  elements  relative  feeding  coefficients 

ii-  Plot  the  array  factor  as  well  as  the  total  field  pattern  in  the  Z-X  and  Y'-X  planes 

c-  For  a  5  elements  Broadside  Teheby-chave  array  having  -III  dB  SLL  and  the  elements  are 
short  dipoles  placed  on  Y-axis  that  oriented  towards-  the  X-axis  with  7J2  spacing: 

V  Obtain  the  elements  relative  feeding  coefficients 

ii-  Plot  the  array  factor  as  well  as  the  total  Held  pattern  in  the  Z-X  and  Y-X  planes, 
c-  For  a  6x4  elements  (short  dipoles  oriented  to  Z-axis)  planar  array  placed  in  the  x-y  plane 
with  dx  =  dy  =  X  /  2  and  having  the  main  lobe  oriented  towards  (9(.  =3  O'"  and  y  =90") 

Plot  the  array  factor  as  well  as  the  total  Held  pattern  in  the  Z-X  .  Z-Y  and  Y-X  planes,  then 
estimate  the  array  gain  in  the  x-y  plane, 

3-  a-  (1)  Write  down  an  expression  for  the  array  factor  of  a  circular  array  placed  in  the  X-Y  plane. 

then,  Estimate  the  8  elements  phases ( a/; )  required  to  orient  the  main  lobe  to 

(A.  =  3 0''  and  4  =  60'" )  if  the  radius  of  the  may  is  AX  . 

(2)  Sketch  the  principal  pattern  for  a  uniform  feeding  8  elements  broadside  circular  array 


b-  For  the  micros  trip  antenna: 

i-  Describe  the  structure,  properties  and  applications, 

ii-  Obtain  an  expression  for  the  E  and  H  plane  patterns  of  a  uniformly  illuminated 
micro  strip  antenna  where  the  E- filled  in  the  Z-  direction  and  the  radiation  is  in  X- 


di  recti  on. 


TiUltil 

University 


Department:  Electronics  and  Communications  Hng. 
Total  Marks:  H5  Marks 


Faculty  of  Engineer. 


Course  Title:  Digital  Communications  system 
Date:  January  :2"  20 1  I  (First  term) 


Course  Code:EE4  1 03 
A  lowed  time:  3  hrs 


Fourth  Year  (Old) 
No.  of  Pages:  ( 1  ) 


Answer  all  the  following  questions, 

Question  (1)  (15  degrees) 

(I)  Given  an  audio  with  spectral  components  in  the  frequency  band  300  to  3000  IIz  assume  that  - 
t5'  7  kH/  WU1  “  t0  *  PCM  signal,  canning  the  peak  s^Z-rmisc 

a  °  lhe  reCeJ'A  0l,lPut  needi  10  be  at  ^  dIUnd  the  polar  NRZ  signalling  is  ^ed  Design 
an  appropriate  PCM  system,  as  follows:  ^ 

(a)  Draw  a  block  diagram  of  the  PCM  system.  ,  (5  ele  ^ ) 

( b )  S pee i  fy  t h e  n uni  be r  of  it n i  fo rm  quantization  stc p  s .  / ■*  d "  •. 

(e)  The  channel  mill  bandwidth  required.  .'3  dc '! 

i  d )  D  e  tc  rrnme  th  e  s  i  gna  1  -  to-  n  o  i  se  ra  tie  for  a  u  eo  m  pan  ding  with  p=  1 0.  f  4  .-t  0  ^  ) 

Question  (2)  (25  degrees) 

(1)  Conside'' a  de^rmimstic  test  pattern  consisting  of  alternating  binary  Is  and  0  s  Calculate  the 
3rd  i°bit  oVdr'3V'llg  tyPeS  01  SignaUing  formals  as  a  i— tion  oFT*.  where  T»  is  the  time  needed  to 

(a)  Unipolar  NRZ  signalling,  (6  des  ) 

(ii)  Unipolar  RZ  signalling  where  the  pulse  width  xisi- (3/4)  Tt.  if  A? 

(c.i  Determine  the  lirst  nttll  bandwidth  ol  these  signals.  -  p  j 

(2)  Given  two  analog  waveforms  w,(t)  and  w2(t)  where  w,(t)  is  band  limited  to  3  KHz  and  w,Cl)  is 
band  limited  to  9  KHz.  i  hese  two  Signals  are  to  be  sent  by  TDM  over  PAM  type  system. 

i.u.1  Determine  the  minimum  sampling  frequency  for  each  signal  and  design  a  TDM 
commutator  and  decommutator  to  accommodate  these  signals.  ",  " J  (5 

( b )  D raw  so  me  t  y  p  i  cal  wave  form  s  fo  r  w ,  (  t  )  and  w  ?  (t ) ,  and 

sketch  die  corresponding  TDM  PAM  waveforms.  .;  5  ; 

Question  (3)  (25  degrees) 

(1)  A  delta  modulator  (DM)  is  tested  with  a  10  Kliz. sinusoidal  signal,  I  V  pcak-to-peak  at  the 

input.  It  is  sampled  at  10  times  the  Nyquist  rate,  *  *  '  h 

(a)  Draw  the  block  diagram  of  the  DM  system  and 

explain  the  quantization  noise  of  the  DM  signal.  ^  d  , 

(b)  What  is  die  step  size  required  to  prevent  slope  overload  noise?  -  (4  ) 

(c)  !J  lhe  receiver  input  is  band  limited  to  200  KHz, 

W  hat  is  t  lie  ave  rage  s  i  gn  a  I/qua  nt  i  za  Li  0  n  n  o  i  se  po  we  r  ra  ti  0?  ( 5  de  ^  ) 

(2)  Consider  a  sinusoidal  signal  is  sampled  at  the  Kyqnisl  rate  using  instantaneous  sampling 
and  is  modulated  by  using  the  pulse  width  modulation  (PWM). 

'.a;  Sketch  the  PW  ivl  modulator  and  the  corresponding  output  signal  rs  m;:i  , 

(b)  Sketch  the  PWM  demodulator.  '  “  '  £  ^ 

Question  (4)  (20  degrees) 

(i)  A  binary  data  signal  is  dilTeremiaily  encoded  and  modulates  a  PM  transmitter  to  produce  a 
dideren bally  encoded  phasc-shift-kcyed  signal  (DPSK).  The  peak-to-peak  phase  deviation  is  180“ 
ana./(  is  harmonically  related  to  the  hi l  rate  R. 

,aj  Draw  die  block  diagram  for  the  transmitter,  including  the  differential  encoder.  (5  dem) 

' t''  -n0Vv  t-lc  waveforms  at  various  points  on  the  block  diagram  if  the  input  Tata  sequence  Is  & 

(0103 1000101).  J  .  . 

(10  deg.) 

(5  deg.) 


(c)  Illustrate  with  Lhe -block  diagram  the  DPSK  detectors. 


Good  Luck 


Dr,  Entessar  Said 


4-  a- If  a  uniformly  illuminated  circular  aperture  with  directivity  23 , 92 2  dBs  with  the  II-  field 
in  Y-  direction: 

i-  Estimate  the  radius  and  the  3-dB  beam  width  of  the  aperture. 

ii-  Find  and  sketch  the  total  field  pattern  in  both  E  and  H  planes. 

b-  The  shown  arrangement  represents  a  broadside  array  that  consists  of  6  (5 /Lx 3 a-)  rectangular 
apertures  fed  with  the  dominant  mode  : 

i-  Find  and  sketch  the  field  pattern  of  one  aperture  in  both  E  and  H  planes 

ii-  Find  and  sketch  the  total  field  pattern  in  both  E  and  II  planes. 

iii-  Estimate  the  beam  width  and  the  gain  of  each  element  and  those  of  the  array. 

Y 


X 


e-  (1)  Discuss  the  main  applications  of  tire  parabolic  reflector  antenna  .then  deri  ve  the  relation 
F 

between  the  —  ratio  and  the  reflector  subtended  angle  &(;  . 
d 

(2)  For  the  special  case  of  feeding  pattern  on  the  form  G,{0 )  ~k cos"  (0 ), derive  an 
expression  for  the  illumination  efficiency  and  sketch  it  versus  the  reflector 
subtended  angle  t?rj 

(3)  Design  the  previous  parabolic  reflector  antenna  when  having  maximum  directivity  of 

30  dBs  at  6  GHz 


Dr.  Abdel-Fattah  A.  Abu-Umhe.m 
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kc-marky;  (answer  (he  following  questions...  assume  any  missing  data,.,  answers  should  be  supported 
by  sketches,  equations) 

^■esliuil  1  dSMarW 

(A)  Sketch  the  block  diagram  of  sampling  process* 

(IS)  Explain  the  effects  of  sampling  frequencies  and  sampling  pulse  width  on  the 
recovered  signal 

{(,)  Compare  between  the  Time  Division  Multiplexing  (TDM)  and  Frequency  Division 
Multiplexing  (EDM,). 

Question  2  ft 5  [V|a rkst 

[A)  Draw  the  block  diagram  of  delta  modulation  system. 

(13)  Derive  delta  sigma  modulation  system  from  delta  modulation  system. 
i.C)  Discuss  the  disadvantages  of  delta  mod  illation. 

!^sliml  ^ -  (15  Marks} 

(A)  Compare  between  PAM,  PWM,  and  PPM, 

(P)  Mow  ({j  gene  rate  PWM  ? 

(C)  How  to  generate  PPM  ? 

(1))  Draw  (he  Mock  diagram  of  PPM,  specifying  with  aid  of  sketch  the  output  of  each 
stage. 

Quest  1.00  4  fl  5  Marks) 

(A)  explain  Pulse  Code  Modulation  (PCM). 

(B)  Show  how  to  detect  and  correct  errors  in  a  message  signal.  Give  an  example  for 
each. 

(3e$t  Wishes  of  Success 
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